Abstract Quality Indicators for Sentinel Lymph Node Biopsy in Breast Cancer: Applicability and Clinical Relevance in a Non-screened Population: sentinel lymph node biopsy (SLNB) has replaced axillary lymph node dissection (ALND) as standard of care for management of early breast cancer. This study assessed our SLNB program against 11 published quality indicators (QIs). All breast cancer patients who underwent SLNB in our centre from June 2013-Dec 2015 were included. Clinical, pathological and follow-up data were extracted from the institutional REDCap data system. Analysis was done with SPSS 23. Following validation, 234 patients had SLNB, always performed along with primary surgery. Identification rate was 95.3% and > 1 SLN was identified in 72% of patients. SLNB positivity was 33%, of these, 100% underwent ALND. Overall 91% of QI eligible patients underwent SLNB. No ineligible patients (T4) underwent SLNB. For the patients who had radio colloid, injection criteria were met for 100%. Pathological evaluation and reporting criteria were met for 100% of patients. There were no axillary recurrences in a median follow-up of 2 years. 7.6% patients had SLN negative on frozen section but positive on final histology. 7.2% of patients with clinical negative nodes had pN2 disease in final histopathology report after surgery. Sixty percent of patients who had completion ALND had only positive SLN. This study supports the applicability of published QI of SLNB in a non-screened cohort of early breast cancer patients. Although QI were useful, modification based on patient characteristics and resource availability may be needed. These indicators can be used as audit tools to improve the overall accuracy of the procedure.
Background
Sentinel lymph node biopsy (SLNB) is established as standard of care for axillary staging in women with clinically nodenegative early-stage breast cancer [1] [2] [3] . The SLNB procedure requires multidisciplinary collaboration to ensure successful performance and accurate staging [4] . Many health systems require monitoring of SLNB procedures using established quality indicators (QIs) [5, 6] , but there is no published data on the validity or use of such indicators in populations where patients present with symptomatic disease, with different disease characteristics and resource availability.
In early SLNB studies, technical accuracy was assessed by the number of SLNB performed under supervision, falsenegative rate (FNR), and identification rate (IR) [7] . Guidelines for SLNB training programs recommend that surgeons must perform a minimum of 20 to 30 backup axillary lymph node dissections (ALND) after SLNB, and establish an IR > = 90% and an FNR < = 5% before performing SLNB alone [8] [9] [10] . A recent analysis of SLNB audits showed that IRs were consistent across centres, but half of the surgeons surveyed abandoned backup ALND prior to performing the recommended number [11] . As calculation of FNR requires ALND and it is impractical for surgeons to continuously quantify FNR after the initial validation or training period. As a consequence, novel SLNB QIs have been developed to monitor quality of the procedure.
A set of 11 QIs for SLNB in early-stage breast cancer was developed by Quan et al., using a modified Delphi process [12] . The QIs were retrospectively validated in different cohort [13, 14] of patients, and were found to be acceptable and clinically relevant. These QIs cover all aspects of SLNB, including patient selection criteria, methods and outcome, listed in Table 1 . This study aimed to assess applicability of published QIs against our institutional SLNB program.
Material and Methods

Methods
Study Design
The present study is a retrospective analysis of consecutive patients who underwent SLNB for breast carcinoma between June 2013 and Dec 2015. A waiver was obtained from the institutional review board. Patients diagnosed with clinically and radiologically node-negative operable breast cancer (T0/ T1/T2/T3, N0) were offered SLNB, and have been included in the analysis. Patients with T4 tumours, N1-3 disease, or having neoadjuvant chemotherapy were not offered SLNB.
Sentinel Lymph Node Biopsy
SLNB was performed at the same time as breast surgery, with frozen section evaluation of SLNs. The preferred method for SLNB was a dual tracer technique. Methylene blue alone was used when isotope was not available. Isotope alone was used initially because blue dye was not available, and later for women with an atopic history. Radioactive colloid (micro filtered (0.22) micron 99 m Tc-S) was injected in divided doses peritumourally, at least 2 h before surgery. After induction of anaesthesia, 2 ml of methylene blue dye (1%) was injected subcutaneously superficial to the tumour, followed by 5 min gentle whole breast massage. A gamma probe (Europrobe3, EURORAD S.A2, Ettore Bugatti, 67201 ECKBOLSHEIM -FRANCE) was used to localise hot nodes. Hot, blue and clinically suspicious nodes were excised and sent for frozen section. Frozen section analysis was done by a trained breast pathologist, and reports followed institutional protocols based on the College of American Pathologists protocols (CAP) [15, 16] . Patients with negative frozen section did not undergo ALND. ALND was done if SLN was not identified; frozen section was positive for malignancy and if frozen section of SLN was negative but final histopathology was positive. Following our institutional protocol, all patients with positive SLNs, defined as isolated tumour cells (ITC), micro metastasis or macro metastasis had completion ALND.
Data Extraction
The clinical, radiological, pathological and follow-up data were extracted from the institutional REDcap data system [17] . Clinical data included age, body mass index, location, size of the primary tumour, axillary lymph node status assessed clinically and by ultrasonography, type of surgery, and the method used for SLNB. Pathological variables included the total number of SLNs removed, number of positive SLNs, size of SLN metastasis and for patients having completion ALND, the number of positive nodes in the rest of axillary tissue. The 11 QIs ( 
Results
A total of 234 patients met inclusion criteria. The mean age of presentation was 54.8 (SD 11) years, and mean BMI was 26.99 (SD 4.9) kg/m 2 . For patients with a final diagnosis of DCIS, the mean tumour size was 4.6 cm, of whom 80% were clinically palpable. Mean pathological size for patients with invasive tumours was 2.77 (SD 1.23) cm, of which 94.5% were clinically palpable. Other patient characteristics are summarised in Table 2. Of the 234 patients, 19% had T1 disease, of whom 80% had breast conservation surgery (BCS), and 91% of T1 patients with BCS were offered SLNB. Including patients with T2 and T3 tumours and also those having mastectomy, 82% of eligible patients were offered SLNB, and in the 2-full calendar years of study, this figure was 75% in the first and 88% in the second year. No ineligible patients (T4) underwent SLNB. The dual method was used in 104 (44.4%), methylene blue in 98 (41.9%) and isotope in 32 (13.7%) patients. Institutional protocols were followed for all patients who had radio-colloid injection. Pathological reporting of both tumour pattern and metastases of SLN were in accordance with the criteria in all patients.
The IR (proportion of patients in whom a SLN was detected and excised) was 95.3%, and for all patients where the SLN was identified, the record clearly mentioned the number of nodes and whether they were hot, blue, hot and blue or clinically suspicious. In the 223 patients in whom SLNs were identified, 1 node was identified in 60 (27%), 1-4 in 156 (70%) and > 4 in 7 (3%). Frozen section of SLNs was positive in 66 (28%) patients, and immediate completion ANLD was done for all. In 12 patients (5.1%), the initial frozen report was negative but final histology was positive and completion ALND was done at a later date (Fig. 1) . Two patients (1%) with clinically suspicious nodes intra-operatively had ALND in spite of a negative frozen section (both negative for malignancy on final histopathology, 1 had tubercular lymphadenitis). SLN histology showed ITC in 4 patients (5.1%), micro metastases in 8 (10.2%) and macro metastases in 66 (84.7%). Considering ITC (1.2%) as node negative, the SLN was positive in 74 patients (33%). For T1a patients, none of the 3 patients had a positive SLN. In the median follow-up of 24 months (IQR 18.8,29.4), there were no axillary recurrences. Results related to the published QI are summarized in Table 1 . In addition to the predefined QIs, some other results were considered relevant in the context of quality. For 60% of patients having ALND after positive SLNB, the SLN was the only positive node. In patients with negative nodes on both clinical and radiological assessment, 7.2% had pN2 disease.
Discussion
SLNB is the recommended procedure for staging the axilla in early-stage breast cancer, and is part of all major treatment guidelines [1] [2] [3] . For reasons, which remain at least partially unexplained, analysis of breast cancer survival data has shown improved disease-free and overall survival for screen-detected breast cancer when compared with symptomatic cancers of the same stage [18, 19] . Prognostication tools such as PREDICT [20] include this information in their analysis. It is possible that the SLN positivity and other related information might be different where all patients have symptomatic disease, compared to studies where the majority of early cancer is screen detected. It is important that QIs should be relevant, allowing physicians in different circumstances to monitor outcomes and audit SLNB programs. However, there is no data on the use of published QI in non-screened cohort, where the majority of patients present with symptomatic disease. The aim of our study was to evaluate the applicability of published QI in non-screened breast cancer patients.
We found that the clinical information needed for these guidelines was simple. Once the entire team was acquainted with the data required, collecting data was not time consuming. All information can be collected during the course of routine work or retrieved from the hospital data system. Overall, our SLNB performance complied with almost all the indicators; although the 5-year axillary recurrence rate was not calculated as our median follow-up at the time of reporting was only 24 months.
The first three QIs address the structure of the SLNB program. We met 100% for the pathology reporting and radiocolloid injection QIs. We initially used radioactive colloid as our primary technique for SLN identification, and validated the process. However, our radioactive isotope is sourced internationally, and, as reported by other centres [21] , for logistic reasons, there were significant periods of time when it was not available. As it was not possible to schedule surgery dependent on isotope availability, it became necessary to use blue dye alone to offer SLNB for maximum number of eligible patients. Additionally, the cost of the isotope-based technique in our hospital was over 100-fold that of the blue dye only method. Blue dye SLNB (variably using isosulphane blue, patent blue or methylene blue) is well supported by published evidence with acceptable IR and FNR [22] [23] [24] , but this aspect is not addressed in published QIs. We were able to increase the proportion of patients having SLNB when this technique was offered and we propose that institutions should have a blue dye protocol, including the concentration of dye and the time difference between injection and removal of SLN.
The next set of QIs cover the process of SLNB. In the criteria under consideration here, only patients with T1 tumours having BCS should be included, and the proposed target rate was 80%. This study was conducted in a region Fig. 1 Flow chart for sentinel lymph node biopsy without population-based screening, and apart from a very few with opportunistic identification of impalpable disease, most patients presented with palpable lumps [25, 26] . Only 19% of patients in this study presented with T1 disease, and 20% of them opted for mastectomy. Assessing our program against this QI would have meant that > 75% of our patients would have been excluded, although we offered SLNB to all patients with T1, T2 or T3 disease having either BCS or mastectomy [27] .
SLNB was done concurrently with primary surgery in 100% of our patients, and all positive SLN were followed by ALND. Only 5% of patients with a negative frozen section but positive histology needed a second operation for completion ALND. SLNB alone, in advance of the breast procedure, would mean that a second operation was always needed, which may not be acceptable to patients, but is necessary in centres without frozen section facilities [21] . On the other hand, some studies have supported SLNB following diagnostic lumpectomy [27] . Over 7% of our patients finally had pN2 disease, which is lower than the 13% reported elsewhere [2] and this could be a QI for the diagnostic pathway.
Two QIs address surgical outcome measures. In our cohort of patients, there were no positive SLNs in patients with T1a tumours, but only 1% of tumours were T1a. The target positivity rate of 2-6% is based on data for T1a tumours only. Data from a SEER review for SLN positivity found the nodepositive rate for T1a, b and c tumours was 2.8, 3.4 and 7-14%, indicating that a higher positivity rate is to be expected with increasing tumour size [28, 29] . Other published results with wider inclusion criteria show SLN positivity between 17 to 35% [30, 31] . Our data, where 73.1% of tumours were T2, with a median tumour size of 2.7 cm (SD 1.23), was towards the higher extreme for positivity. Definition of QIs for larger tumours would have been useful in these circumstances. In terms of the number of nodes removed, we met the QI with > 1 SLN removed in 72% of patients. In addition, > 4 nodes were removed in 3.1% of patients. Studies suggest that the FNR decreases when > 1 SLN is harvested, but removing more than 4 nodes provides no additional benefit and is associated with increased morbidity such as lymphoedema and paraesthesia, without increasing accuracy [32] . In parallel with the figure for the proportion of patients where a single node is identified, limits for the number of patients having > 4 SLN removed would also be a useful QI.
In the process of analysing this data, we found that we frequently needed to modify inclusion criteria for QIs to avoid leaving out a large proportion of patients. First among these was extension of size criteria for eligible patients to include T2, T3 disease and patients with mastectomy. On the other hand, 7% of our patients were pN2, and might be considered to have been ineligible, though it was not clear from this study how the pre-operative identification pathway could be improved. In addition, in spite of having nuclear medicine support, we found that availability of isotope was a significant problem, and concluded that quality metrics based on the easily available and economical blue dye method were also needed.
Accurate identification of the SLN at surgery is perhaps the most crucial part of the entire process of SLNB. Current evidence shows that micro metastasis [33] or up to two nodes with macro metastases [34] have such a low probability of additional positive non-SLNs, that ALND can be avoided without compromising outcomes in patients who receive appropriate adjuvant therapy. In all published studies, for > 50% of patients, SLNs are the only positive nodes [35] . In our series too, for 60% of patients, SLN was the only positive node. Clinical treatment algorithms in many parts of the world still advise ALND if the SLN is positive. However, based on ASOCOG Z-0011 study [34] , recently published ASCO guidelines state that in certain circumstances SLNB alone is adequate in up to two positive SLN [36] . Until non-dissection becomes universally accepted, we suggest that the SLN being the only positive node is an indicator of accuracy, and a target rate should be defined as a QI.
Conclusion
This is the first study from India focusing on quality assurance for sentinel lymph node biopsy. In general, this study supports the applicability of published QI of SLNB in a non-screened cohort of early breast cancer patients. However, some criteria needed modification to make them relevant to the disease characteristics and resource availability in India. The indicators are useful as audit tools, and can be used at intervals to improve the overall accuracy of the procedure. They are easily monitored in tertiary care centres with access to good diagnostic facilities and well-maintained data systems. As SLNB becomes more common in private practice and de-centralised settings in India, guidance on maintenance of SLNB data records should be defined along with QIs.
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